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SPECIFICATION 

Resin composition, and use and method for preparing the 
same 

5 Technical field 

The present invention relates to a resin composition, 
an electrically insulating prepreg, laminate and printed- 
wiring board using the resin composition, and methods for 
their production. The laminate referred to in the present 
10 invention includes a laminate one or both surfaces of which 
are clad with a metal foil, namely a metal-clad laminate. 



Background art 

In recent years, because of increasing concern about 
15 environmental problems, prepregs, laminates and printed- 
wiring boards for electrical insulation have been desired 
to release no harmful substances to the environment during 
their disposal or incinerate. Therefore, for the 
prevention of the so-called dioxin problem during their 
20 incinerate, the number of products characterized by 
containing no halogen-containing flame retarder is 
increasing. As a flame retarder that can substitute for 
the halogen-containing flame retarder, flame retarders of 
metal hydroxide type, phosphorus type, melamine-modi f led 
25 resin type and so on are employed and, especially, 

phosphorus-containing flame retarders are useful because a 
great flame retarding effect can be obtained by their use 
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even in a small amount. 

However, compounds practically used as a phosphorus- 
containing flame retarder include red phosphorus, 
phosphoric acid salts, phosphoric esters and so on. They 
5 have problems such as releasing harmful phosphine gas 
during their incinerate or reducing heat resistance or 
chemical resistance of laminates, printed-wir ing boards and 
the like through their hydrolysis. With respect to such 
problems, JP-A Nos . 4-11662 and 2000-80251 disclose a 

10 reaction product resulting from an epoxy resin and an 

organophosphorus compound having a structure different from 
phosphoric esters and containing in its molecule a phenolic 
hydroxyl group capable of reacting easily with an epoxy 
resin. It is reported that this reaction product does not 

15 reduce heat resistance or chemical resistance and that 

f lame-retardant resin compositions, laminates and printed- 
wiring boards containing no halogen-containing flame 
retarders can be produced using that reaction product. 
However, with respect to the reaction product resulting 

20 from an epoxy resin and an organophosphorus compound having 
a phenolic hydroxyl group disclosed in those patent 
publications, both of the epoxy resin and the 
organophosphorus compound are polyf unct ional and, 
therefore, crosslinking structure easily occurs in the 

25 reaction product, it is very difficult to control their 

reactivity. Further, since an epoxy group is consumed when 
the epoxy resin and the organophosphorus compound react 
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together, there are problems, with the reaction product, of 
having a very large epoxy equivalent and having a reduced 
curabi lity . 

Under these circumstances, an object of the present 
5 invention is to provide a resin composition that has enough 
flame retardancy without containing any halogen-containing 
flame retarder, has good heat resistance and good chemical 
resistance, and causes no problems with respect to reaction 
stability or curability caused by consumption of an epoxy 
10 resin through a reaction occurring during compounding of 
the resin composition. Another object of the present 
invention is to provide a prepreg, laminate and printed- 
wiring board using this resin composition and to provide 
methods for their production. 

15 

Disclosure of the invention 

The inventors of the present invention investigated 
earnestly to attain the above objects and have found the 
invention below. That is, the present invention is 
20 directed to a resin composition comprising: 
an epoxy resin, 
an amine-type curing agent, 

an organophosphorus compound having a structure 
represented by formula 1: 
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Formula 1 



o=p — o 

/ 

Wherein Rl is an aryl radical with two hydroxyl 
groups, and the aryl radical can be substituted by 
one to three lower alkyls, preferably Rl is one of 
5 the radical selected from the group: 



OH OH OH OH OH 




and 

10 an organic solvent, 

wherein the epoxy resin and the organophosphorus compound 
have been compounded at a temperature of 50°C or lower. 
Further, the present invention is also directed to a 
prepreg, laminate and pr inted-wir ing board using this resin 

15 composition, and to methods for their production. 



Best mode for carrying out the invention 

The resin composition of the present invention is 
characterized by being a composition in which a reaction 
20 between the epoxy resin and the organophosphorus compound 
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represented by formula 1 is inhibited until the resin 
composition is used for preparation of prepregs. If a 
reaction between the epoxy resin and the organophosphorus 
compound represented by formula 1 occurs during their 
5 compounding, the epoxy equivalent weight will change, 
resulting in a large variation in gelation time of the 
resin and an unstable curability. To control the 
reactivity of the two ingredients during their compounding, 
it is necessary to keep the temperature at 50°C or lower 

10 during the compounding step. Whether a reaction is taking 
place between the epoxy resin and the organophosphorus 
compound can be confirmed using a general-purpose analyzer 
such as high-performance liquid chromatography. 

Examples of the epoxy resin contained in the resin 

15 composition of the present invention include bisphenol A- 
type epoxy resin, bisphenol F-type epoxy resin, bisphenol 
S-type epoxy resin, biphenyl-type epoxy resin, 
naphthalenediol-type epoxy resin, phenol-novolak-t ype epoxy 
resin, cresol-novolak-type epoxy resin, alicyclic epoxy 

20 resin, glycidyl ester resin, glycidyl amine resin, 

heterocyclic epoxy resin such as t riglycidylisocyanurate 
and diglycidylhydantoin, and modified epoxy resins 
resulting from modification of these epoxy resins with 
various reactive monomers. 

25 Tetrakis (glycidyloxyphenyl ) ethane can also be employed. 
These epoxy resins can be used alone or, 
alternatively, two or more kinds of epoxy resins can be 
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employed in suitable combination. Especially, phenol- 
novolak-type epoxy resin, cresol-novola k-t ype epoxy resin 
and dicyclopentadiene-modif led novolak epoxy resin are 
preferable because high heat resistance and high 
5 reliability are required for electric and electronic 

material applications. It is desirable to use at least one 
of the three types of epoxy resins in an amount of 30 wt% 
or more versus the combined amount of the whole epoxy 
resin . 

10 Examples of the amine-type curing agent that can be 

used include open-chain aliphatic amine such as 
ethylenedi amine , diethylenet r iamine , tr iethylenetet ramine , 
tet rae thy lenepent amine , hexamethylenedi amine , 
diethylaminop ropy Iamine , dicyandi amide , 

15 tetramethylguanidine and tr iethanolamine ; alicyclic amine 
such as isophoroned iamine , di ami nodi eye lohexylme thane , 
bis ( aminome t hy 1 ) cyclohexane, bis (4-amino-3- 

methyldicyclohexyl ) methane, N-aminoethylpiperazine and 3,9- 
bis ( 3 -ami nop ropy 1 ) -2, 4, 8, 10-tetraoxaspiro [5.5] undecane ; and 

20 aromatic amine such as xylenediamine , phenylenediamine , 
d i ami nodi phenylme thane and di ami nodi phen yl su 1 f one . 

These amine-type curing agents can be used alone or, 
alternatively, two or more kinds of amine-type curing 
agents can be employed in suitable combination. 

25 Especially, ' dicyandiamide is preferable from the viewpoints 
of curability and physical properties of cured products. 
Examples of the organophosphorus compound having a 
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structure represented by formula 1 include 10- (2,5- 
dihydroxyphenyl ) -9, lO-dihydro-9-oxa-lO-phosphaphenanthrene- 
10-oxide, 10- (2, 5-dihydroxy-6-methylphenyl ) -9, lO-dihydro-9- 
oxa-lO-phosphaphenanthrene-lO-oxide, 10- (2, 5~dihydroxy-3- 
5 methylphenyl ) -9, lO-dihydro-9-oxa-lO-phosphaphenanthrene-lO- 
oxide, 10- (2, 5-dihydroxy-4 -methylphenyl ) -9, lO-dihydro-9- 
oxa-lO-phosphaphenanthrene-lO-oxide, and 10- (1, 4-dihydroxy- 
2-naphthyl) -9, lO-dihydro-9-oxa-lO-phosphaphenanthrene-lO- 
oxide. Especially, 10- (2, 5-dihydroxyphenyl ) -9, lO-dihydro- 

10 9-oxa-lO-phosphaphenanthrene-lO-oxide is preferable from 
the viewpoint of flame retardancy. 

The compounding ratio of the epoxy resin, the amine- 
type curing agent, the organophosphorus compound having the 
structure represented by formula 1 and the organic solvent 

15 can be determined from the viewpoint of proper maintenance 
of the properties of cured products resulting from curing 
these ingredients, especially, heat resistance, 
hygroscopicit y and flame retardancy. The amount of the 
amine-type curing agent compounded is from 0.3 to 0.6 

20 equivalent per epoxy groups of the epoxy resin. The 

organophosphorus compound having the structure represented 
by formula 1 is preferably compounded in an amount of from 
5 to 30 wt% in the organic solids excluding the organic 
solvent and the inorganic components. 

25 The equivalent of the amine-type curing agent is 

defined by the molar number of active hydrogen bonding to 
the nitrogen atom present per mol of the curing agent. For 
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example, when an amine-type curing agent is dicyandiamide, 
1 mol is considered to be 4 equivalents. Compounding of 
the amine-type curing agent in an amount within the 
aforementioned range permits cured products to have enough 
5 crosslinking density and also to have controlled 

hygroscopicit y . It, therefore, can result in the avoidance 
of problems concerning blister of a m.etal foil having 
thereon a circuit formed in a printed-wir ing board 
manufacturing process, interlayer delamination and so on. 

10 If the organophosphorus compound having the structure 

represented by formula 1 is compounded in an amount within 
the above-mentioned range, good flame retardancy can be 
exhibited. Further, since unreacted products do not remain 
in cured products during a molding and curing process, 

15 chemical resistance can be maintained. 

With respect to the kind and amount of the organic 
solvent, any solvent can be used without any particular 
limitations if the epoxy resin and the amine-type curing 
agent constituting the resin composition can be 

20 homogeneously dissolved therein and the solvent has a 
viscosity and volatility proper for the preparation of 
prepregs- Particularly, methyl ethyl ketone, 2- 
methoxyethanol , 2-methoxypropanol , l-methoxy-2-propanol and 
the like, which satisfy the above requirements, are 

25 preferable from the viewpoints of price, handlability and 
safety- The organic solvent is preferably used in an 
amount of from 10 to 50 wt% versus the total amount of the 
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resin composition including the organic solvent. 

Further, in the resin composition of the present 
invention, the epoxy resin and the amine-type curing agent 
may forgo phase separation to precipitate and the amine- 
5 type curing agent after the volatilization of the organic 
solvent during the production of prepregs depending on the 
kinds of the epoxy resin and the amine-type curing agent. 
In such a case, it is very probable that no uniformly cured 
products can be obtained when the resin composition as 

10 received is molded and cured. Therefore, a resin 

composition which can yield a uniformly cured product can 
be obtained by allowing an epoxy resin and an amine-type 
curing agent to react in an organic solvent at a 
temperature of from 80 to 140°C before compounding a 

15 composition, thereby bringing the two components into a 

state where the two components are mutually compatible in 
the absence of a solvent. It seems that the reason for 
this is that a bond is partially formed between an epoxy 
group of the epoxy resin and an amino group of the amine- 

20 type curing agent and the bond serves as a compat ibilizer 
for these components. From the viewpoint of productivity, 
it is preferable for productivity that the reaction 
temperature is within that range because a sufficient 
reaction rate can be achieved and one can control the 

25 reaction. Further, in this step, a reaction accelerator 
can optionally be added. If an organophosphorus compound 
having the structure represented by formula 1 is added to 
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such a mixture, the organophosphorus compound is added at a 
temperature of 50°C or lower after the reaction between the 
epoxy resin and the amine-type curing agent has been 
carried out . 

5 The resin composition of the present invention can be 

prepared by holding the compounding temperature at SC^C or 
lower in the step of compounding the organophosphorus 
compound represented by formula 1. The reaction between 
the epoxy resin and the organophosphorus compound of 

10 formula 1 proceeds when a reaction catalyst is added and 

the system is heated to 100°C or higher as described in JP- 
A No. 1992-11662, However, even if the temperature is 
lower than 100°C, the reaction proceeds slowly. If the 
temperature at which the two components are compounded is 

15 held at 50*^0 or lower, the reaction between the two 

components can be almost completely prohibited. Whether 
the reaction between the two components has proceeded or 
not can be confirmed using a general-purpose analyzer such 
as high-performance liquid chromatography. In the 

20 production method provided in the present invention, the 
reaction ratio, that is, the ratio of the amount of the 
organophosphorus compound that has reacted to the amount of 
the organophosphorus compound added is 0.5% or less. 
To improve the flame retardancy, to enhance the 

25 rigidity or 'to reduce thermal expansion, the resin 
composition of the present invention can contain an 
inorganic filler. From necessity of achieving these 
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purposes and limitation of maintaining adhesion and 
processability of laminates or printed-wiring boards to be 
produced from the resin composition, the content of the 
inorganic filler is preferably from 10 to 50 wt% versus the 
5 total amount of solid components excluding the organic 

solvent, that is, the resin solid components including the 
inorganic filler. The inorganic filler is not particularly 
limited and may be any non-halogen compound that does not 
deteriorate any property of laminates or printed-wiring 

10 boards, such as silica, talc, mica, aluminum oxide, 

magnesium carbonate and barium carbonate- Inorganic filler 
can be used alone or, alternatively, two or more kinds of 
inorganic fillers can be used in combination. Especially, 
aluminum hydroxide, which serves to improve flame 

15 retardancy, is preferable. It is most preferable to add 
aluminum hydroxide in an amount of from 10 to 50 wt%. To 
further improve the flame retardancy, it is effective to 
cover part of the inorganic fillers to be added with a 
molybdenum or zinc compound, and preferably with zinc 

20 molybdate, which combines advantages of both compounds. 

The resin composition of the present invention may 
contain a flame retarder, a pigment, an adhesive aid, an 
antioxidant, and a curing accelerator and so on besides the 
above-mentioned ingredients. As such additives, known 

25 compounds can be employed. For example, various kinds of 

imidazoles (e.g., 2-ethyl-4-methylimidazole) can be used as 
the curing accelerator. Any non-halogen compound that does 
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not deteriorate properties of laminates or pr inted-wir ing 
boards can be employed in any content without any 
particular limitations. 

A prepreg can be prepared by impregnating a substrate 
5 such as glass cloth with the resin composition of the 

present invention and drying. Further, a laminate can be 
m.anuf actured by arranging a m.etal foil on the prepreg, and 
heating and pressurizing them to laminate together. 
Furthermore, it is also possible to manufacture a printed- 

10 wiring board by removing an unnecessary part of the 

laminate by etching. In the manufacture of the prepreg, 
laminate and pr inted-wiring board, the processes of 
coating, laminating and circuit processing usually employed 
in the art can be applied. The employment of these 

15 processes enables laminates and pr inted-wiring boards to 
possess high heat resistance, high flame retardancy and 
high reliability and containing no halogen-containing flame 
retarders . 



20 Examples 

The present invention will be described in more detail 
by reference to examples and comparative examples of the 
present invention below. The invention, however, is not 
limited to the examples. 
25 In the'exampies and comparative examples, as an epoxy 

resin, an amine-type curing agent, an organophosphorus 
compound represented by the formula 1 and other compounds 
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compounded, the products listed below were employed. As 
for the glass cloth, copper foil and the like for 
constituting laminates and prepregs, materials usually 
employed in the chemical industry and electronic industry 
5 fields were used with the exception of those particularly 
noted . 

Epoxy resin A: Phenol-novolak epoxy resin (epoxy 
equivalent 178) manufactured by Japan Epoxy Resins Co., 
Ltd., the trade name ^^154" 
10 • Epoxy resin B: Cresol-novolak epoxy resin (epoxy 

equivalent 210) manufactured by Dainippon Ink & Chemicals, 
Inc., the trade name "N-673" 

Epoxy resin C: Dicyclopentadiene-modif ied novolak epoxy 
resin (epoxy equivalent 260) manufactured by Dainippon Ink 
15 & Chemicals, Inc., the trade name '^HP-7200" 

Epoxy resin D: Bisphenol A-type epoxy resin (epoxy 
equivalent 475) manufactured by Japan Epoxy Resins Co., 
Ltd., the trade name ''1001" 

Amine-type curing agent A: Dicyandiamide manufactured by 
20 Nippon Carbide Industries Co., Inc. 

Organophosphorus compound A: 10- ( 2 , 5-Dihydroxyphenyl ) - 
9 , 10-di hydro- 9-oxa-lO-phosphaphenanthrene- 10 -oxide 
manufactured by Sanko, Co., Ltd. 

Organophosphorus compound B: Triphenyl phosphate 
25 manufactured by Daihachi Chemical Industry Co., Ltd. 

2-Ethyl-4-methylimidazole : manufactured by Shikoku 
Corp., the trade name "2E4iyiZ" 



- 14 - 



Aluminum hydroxide: manufactured by Sumitomo Chemical 
Co., Ltd., the trade name "CL-303'' 

Zinc molybdate-t reated talc: manufactured by Nippon 
Sherwin-Williams Co., the trade name ''911C" 
5 Properties of laminates and printed-wiring boards were 

evaluated in the following manner. 

Flame retardancy was evaluated based on a combustion 
time measured using the UL-94 vertical method. The flame 
retardancy is classified into V-0, V-1 and HB according to 
10 the following criterion: 

V-0: The average combustion time is 5 seconds or less and 
the maximum combustion time is 10 second or less. 
V-1: The average combustion time is 10 seconds or less and 
the maximum combustion time is 30 seconds or less. 
15 HB: Combustion continued longer than V-1. 

Other properties of laminates such as copper foil peel 
strength, glass transition temperature, insulation 
resistance, moisture-absorbing solder heat resistance, and 
chemical resistance were evaluated according to JIS C6481. 
20 The moisture-absorbing solder heat resistance was 

judged as follows: 

O: No change was observed. 

A: Measling or partial delamination was observed. 
>■ : Blister was observed. 
25 Evaluation of the curability of a varnish was based on 

a time (gelation time) required for a varnish to gelate 
when 0.5 cc of the varnish was dropped on a hot plate at 
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160°C and then stirred with a stick 1 mm in diameter. 

The reaction yield of the organophosphorus compound 
contained in a varnish was evaluated using the percentage 
of peak area reduction versus the peak area before the 
5 compounding of the organophosphorus compound, the 

percentage of the peak area reduction versus the peak area 
before compounding determined by internal standard high 
performance liquid chromatography performed under the 
following conditions : 
10 • Column: Reversed phase column of Type ODS-2 manufactured 
by GL Sciences Inc. 

Developing solvent: Water /tetrahydrofuran (70/30) mixed 
solvent 

Detector: Ultraviolet absorption photometer (280 nm) 
15 The compatibility of an epoxy resin and an amine-type 

curing agent in the absence of a solvent was evaluated as 
follows. In the course of compounding of a resin 
composition, when only a solvent-soluble ingredient has 
been added, a part of the resulting mixture is sampled. 
20 The sample is dropped on a transparent glass plate and is 
dried at 160°C for 10 minutes so that the solvent in the 
sample is volatilized. The resultant sample is observed at 
a magnification of 100 through an optical microscope. The 
presence of precipitates of the amine-type curing agent is 
25 visually checked. 
Example 1 

A resin composition for a laminate was prepared in the 
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composition given in Table 1. The liquid temperature 
employed during the compounding was 35°C, After a lapse of 
5 days at room temperature^ a glass cloth (thickness 0.2mm) 
was impregnated with the resin composition and was dried at 
5 160°C for 4 minutes to form a prepreg. Four prepregs 

prepared in the above manner were put in layers. On both 
sides of the layered prepregs, 18 jam-thick copper foils 
were arranged and then subjected to hot press molding under 
the conditions, a temperature of 185°C and a pressure of 4 

10 MPa, for 80 minutes, yielding a 0.8 mm-thick double-sided 
copper-clad laminate. Immediately before the preparation 
of the prepregs, a part of the resin composition was 
sampled and the gelation time, the reaction yield of the 
organophosphorus compound, and the compatibility of the 

15 epoxy resin and the amine-type curing agent in the absence 
of a solvent were measured. Further, the properties of 
this laminate were evaluated. The results are shown in 
Table 2. 
Examples 2, 3 

20 A resin composition was prepared in the same manner, 

that is, in the same composition and in the same process, 
as Example 1. The gelation time and the reaction yield of 
the organophosphorus compound were measured and variations 
thereof were checked including Example 1. 

25 Examples 4 , ' 5 

A resin composition was prepared in the same manner as 
Example 1 by employing the compositions shown in Table 1 
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and, after a lapse of 5 days at room temperature, a 
laminate and a prepreg were made from the resin 
composition. The liquid temperature during compounding, 
the varnish gelation time, the reaction yield of the 
5 organophosphorus compound, the compatibility of the epoxy 
resin and the amine-type curing agent in the absence of a 
solvent, and the properties of the lam^inate are shown in 
Table 2 . 

Examples 6 through 8 

10 Among the ingredients shown in Table 1, an epoxy 

resin, an amine-type curing agent, a curing accelerator and 
an organic solvent were compounded first and were allowed 
to react at 100°C for 2 hours. After cooling, an 
organophosphorus compound and an inorganic filler were 

15 compounded to form a resin composition. After a lapse of 5 
days at room temperature, a prepreg and a laminate were 
made using the resin composition. The liquid temperature 
during compounding of the organophosphorus compound, the 
varnish gelation time, the reaction yield of the 

20 organophosphorus compound, the compatibility of the epoxy 
resin and the amine-type curing agent in the absence of a 
solvent, and the properties of the laminate are shown in 
Table 2. 
Example 9 

25 A resin composition was prepared in the same manner as 

Example 1 employing the composition shown in Table 1. That 
is, zinc molybdate- treated talc was compounded in addition 



- 18 - 



to aluminum hydroxide as the inorganic filler. After a 
lapse of 5 days at room temperature, a prepreg and a 
laminate were made from the resin composition. The liquid 
temperature during compounding, the varnish gelation time, 
5 the reaction yield of the organophosphorus compound, the 
compatibility of the epoxy resin and the amine-type curing 
agent in the absence of a solvent, and the properties of 
the laminate are shown in Table 2. 
Example 10 

10 On a surface of a double-sided copper-clad laminate 

prepared in Example 1, a circuit (a test pattern) was 
formed using a subtractive process. The surfaces of the 
thus prepared two double-sided copper-clad laminates each 
having a circuit thereon were subjected to roughening by 

15 oxidization for the improvement of adhesion. Then, the 

double-sided copper-clad laminates were put in layer while 
sandwiching two prepregs therebetween. Further, two 
prepregs and a 18 |im-thick copper foil were put outside and 
were subjected to press lamination in the same manner as 

20 Example 1 to form a 6-layer pr inted-wiring board containing 
innerlayer circuits. The resulting printed-wir ing board 
was subjected to external circuit processing, through-hole 
formation, resist ink printing and packing of parts using 
the known method. It was confirmed that this printed- 

25 wiring board could be produced in a usual manufacturing 
process without any problems. 
Examples 11 trough 16 
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In the same manner as Example 10, pr inted-wiring 
boards were produced using the prepregs and laminates 
prepared in Examples 4 through 9. In all cases, it was 
confirmed that a pr inted-wiring board could be produced in 
5 a usual manufacturing process without any problems. 
Comparative Example 1 

A resin composition was prepared in a composition 
which is shown in Table 1 and is the same as that employed 
in Example 1, by heating at 90°C during compounding in 

10 order to accelerating dissolution of the materials used to 
improve working efficiency. After a lapse of 5 days at 
room temperature, a prepreg and a laminate were made in the 
same manner as Example 1. Evaluation was carried out with 
respect to the gelation time, the reaction yield of the 

15 organophosphorus compound, the compatibility of the epoxy 
resin and the amine-type curing agent in the absence of a 
solvent and the properties of the laminate. The results 
are shown in Table 2. 
Comparative Example 2, 3 

20 A resin composition was prepared in the same 

composition and in the same process as Comparative Example 
1. The gelation time and the reaction yield of the 
organophosphorus compound were measured and variations 
thereof were checked including Comparative Example 1. 

25 Comparative' Example 4 

A resin composition was prepared in the composition 
shown in Table 1. As an organophosphorus compound. 
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triphenyl phosphate, which has a structure different from 
that represented by formula 1, was used and the temperature 
employed during the compounding of the resin composition 
was After a lapse of 5 days at room temperature, a 

5 prepreg and a laminate were made from this resin 

composition. The varnish gelation time, the reaction yield 
of the organophosphorus comipound, the compatibility of the 
epoxy resin and the amine-type curing agent in the absence 
of a solvent and the properties of the laminate were shown 
10 in Table 2. 
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* Treated in Pressure-cooker at 121°C for 4 hours, then 
immersed in solder bath at 260°C for 20 seconds 

Immersed in 3% Sodium hydroxide at 40°C for 3 minutes 
Immersed in 2% Sodium hydroxide at 90°C for 2 hours 

5 

From Table 2, it has been confirmed that in all of the 
Examiples illustrated c an b e obtained lamiinates having 
favorable properties including favorable moisture-absorbing 
solder heat resistance, copper foil peel strength, glass 

10 transition temperature and insulation resistance while 
maintaining enough flame retardancy. Especially, in 
Examples 6 through 8, excellent properties of laminates are 
obtained. Further, the comparison of the gelation time in 
Examples 1 through 3 with that in Comparative Examples 1 

15 through 3 confirms that the resin compositions of the 

Examples exhibit smaller standard deviations with respect 
to the gelation time and the curabilities of the resins are 
more stable. On the ether hand, in Comparative Examples 1 
through 3, which employed a temperature as high as 90°C 

20 during compounding, the standard deviation of gelation time 
is larger and the curability is unstable. Furthermore, in 
Comparative Example 4 where the organophosphorus compound 
that does not have the structure of the present invention 
was added, the moisture-absorbing solder heat resistance 

25 does not satisfy the desired characteristics. 

As described above, the resin composition of the 
present invention has enough flame retardancy without 
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containing any halogen-containing flame retarder and has 
good heat resistance and good chemical resistance. 
Additionally, the resin composition causes no problems 
concerning reaction stability or curability caused by 
5 consumption of an epoxy resin through a reaction occurring 
during compounding of the resin. Laminates prepared using 
the resin composition have good properties. 



